Food wastes are valuable resources to be utilized for value-added products in animal feeding for producing meat that is more nutritious and reducing the cost of feeding materials. The effect of the guava seeds powder (GSP) incorporation into Muscovy duck's diet on the growth performance (GP), physicochemical parameters, amino acids and fatty acids composition of duck meat was investigated. The GP and carcass traits (CT) of Muscovy birds were carried out. Chemical composition, physicochemical parameters, amino acids and fatty acids profile were determined in meat. Feed conversion ratio (FCR) and growth hormone (GH) were higher in GSP-diet fed ducks, significantly (P < 0.05). Non-significant enhancements in some carcass characteristics, chemical composition, and some physicochemical were observed. Contrariwise, essential amino acids (EAA), and non-essential amino acids (NEAA) were increased with increasing GSP levels by 4.5 and 8.8% in GD10, and 6.3 and 8.5% in GD20, respectively. The essential amino acids index (EAAI %) was 76.56% in GD10 and 79.30% in GD20 when compared with 73.24% in control duck meat (CD). Interestingly, the limiting AAs number was decreased from three in CD duck meat to one in duck meat fed with the GSP-diet at 20%. The majority of unsaturated fatty acids of GSP-diet duck meat was increased with increasing GSP content. Linolenic acid as a ɷ 3 FA was increased by 9.5 and 47.6% in CD10 and GD20, respectively. Incorporating GSP into duck's diet tended to improve GP, some physicochemical, qualityrelated and nutritional characteristics. The improvements in amino acids and fatty acids profile because of GSP incorporation are promising. Inclusion of certain percentage of GSP in duck's diets not only considered an economically feasible approach to reduce the costs of raising this bird, but it also conserved the physical, chemical and nutritional characteristics which encourage the revalorization of food-processing wastes.
Incorporation of Guava Seeds Powder into a Commercial Diet Improves the Growth Performance, Nutritional and Quality Characteristics of Muscovy Duck's Meat
Undoubtedly, it could be suggested that industrial food wastes have potential nutritional value as alternative feedstuffs in poultry feeding [9, 19] . Amazingly, the efficient utilization of food wastes by the ducks established the feasibility of transforming industrial food wastes into a high-quality source of protein and energy for human consumption that may be used up to 50% from the diet itself [9, 20, 21] . From a physiological and health perspective, ducks that are allowed to be fed rich-polyphenols wastes, produced meat that has many pivotal advantages such as flavor, texture, and color as well as improved nutritional characteristics [9, 20, 21] . Hence, the rich-polyphenolics wastes such as GS is presented and a duck's meat production is concerned. The objective of this study was to investigate the effect of GSP incorporation into a Muscovy duck's diet on GP, physicochemical and quality parameters, amino acids and fatty acid composition of the duck meat to initiate the valorization concept and find economical and noncommercial dietary sources for animal feeding.
Materials and Methods

Guava seed preparation
Guava (Psidium guajava L.) seeds (GS) were obtained in clean, zipped-plastic bags from Cairo for agricultural processing company in the industrial zone (El-Obour city, Egypt) and were transferred immediately to the analytical laboratory. After removing the asymmetrical parties, GS were allowed to dry at 40-50 °C in an electric-oven dryer until the dried-weight was stable. For the homogenous purpose, the dried-GS was ground using a big coffee grinder, and then the powder was sieved through a 60-mesh sieve. The obtained powder was immediately packed in dark-brown glass jars and kept at -18 ± 1 °C for both analysis and diet formulation. The GSP was characterized, whereas the proximate composition, minerals, amino acids, fatty acids, phytochemical compounds and antioxidant activity were carried out [22] as shown in table 1.
Birds and feeding experiment
Feeding experiment of Muscovy ducks at the Experimental Avian Station, Animal Production Department, Faculty of Agricultural, Benha University, Egypt for 90 d was designed. All experiments and investigations were approved by the Institutional Animal Ethics Committee (IAE) of Benha University, Egypt (Record No. 2016/4/58). One hundred and seventeen broilers of Muscovy ducklings (Cairina moschata domestica L.) males (2-weeks of age) were obtained from the El-Wafa Poultry Company, Egypt. Muscovy ducklings were randomly divided into three main groups tagged as group CD, DG10 and DG20 (39 ducklings in each group) which will be fed further with different feeding formulas. Each group was subdivided into 3 sub-groups with 13 ducklings in each replicate. Consequently, each replicate was placed in an individual chamber (approximately 10 m 2 ). Feed diets (150 kg from each formula) of the experimental groups were prepared at the Experimental Avian Station, Animal Production Department, Faculty of Agricultural, Benha University, Egypt. For adaptation purposes, all birds among groups were allowed
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to receive the basal diet (Table 2) for 3 d before the beginning of the experimental trial. At the beginning of the experimental trial, the control group (CD) birds fed on a basal diet. The DG10-birds were fed on a basal diet that had its yellow corn partially replaced by 10% GSP. The DG20 fed on a basal diet that had its yellow corn partially replaced by 20% GSP (Table  2) . Muscovy ducklings were housed in an air-conditioned room, kept in standard conditions with light and dark cycles (23 h light and 1 h dark), and maintained at an ambient temperature of 25 °C. During the trial, the individual duck body weight and diet consumption for the whole replicate were recorded weekly then the diet conversion ratio (FCR) was calculated only at the end of the experimental period.
Slaughter and meat samples handling
After 90 days of feeding, all birds were slaughtered by the Islamic method at the abattoir of the Animal Production Department, Faculty of Agricultural, Benha University. Birds were deprived of food, but provided with clean drinking water 12 hours before slaughtering. During slaughtering, blood samples were collected from birds (i.e. 9 random ducks per replicate) for determining GH as described previously [23] . Eviscerated and plucked carcasses were weighed after removing the feet and head to obtain ready to cook carcasses (RCC). Breasts, legs, abdominal fat and Giblet of each duck were weighed then the meat was separated from the bones immediately and weighed to evaluate slaughter traits, meat composition, and quality parameters. Equal appropriate meat portions from breasts and legs of each group were similarly taken from the same place of each carcass and minced using meat mincers (SIEMENS, type CNCM11ST Germany) then subjected immediately to proximate chemical analyses.
Proximate chemical composition
The 
Determination of physicochemical traits
Total volatile nitrogen (TVN) and thiobarbituric acid (TBA) were determined according to the method described by Harold et al. [25] The results of TVN were expressed as mg TVN 100g -1 fresh meat (mg TVN 100 g -1 ). The Thiobarbituric acid was spectrophotometrically determined at 538 nm using a digital spectrophotometer (model 599 Automatic Scanning Spectrophotometer, USA). The TBA values were calculated by multiplying the absorbance by the factor (7.8) and the results were represented as mg of malonaldehyde kg -1 fresh meat (mg MDA kg -1 ).
Determination of meat quality parameters
The pH values of duck meat were measured by using a digital pH meter (model SA 210) according to the method [24] . The Water holding capacity (WHC) of minced duck meat was measured by the mechanical pressing method according to Trout [26] . The wet area was measured using a compensatory planimeter (Tamaya Technics Inc., Tokyo, Japan) and the percent of absorbed water was calculated based on sample weight and moisture content. The cooking loss was calculated after the cooking of aluminum foil-wrapped minced meat for 15 minutes under live steam injections according to Liao et al. [27] with minor modifications. Color analysis consisting of lightness (L*), redness (a*) and yellowness (b*) was performed by Hunter Lab Color Flex EZ (Hunter Lab Reston, VA, USA). The results were integrated by a Universal Software V 4.10 according to Kwon et al. [28] the pigment of minced meat was determined according to Shehata [29] . The obtained values were used directly as a comparative measure of the pigment concentration.
Determination of amino acids
The amino acids profile was measured on the precipitated protein from defatted duck meat samples (three duck meat samples from each replicate were collected similarly and pooled together then defatted by hexane, HPLC grade). Consequently, acid-hydrolysis by HCL (6.0 N) at 110 °C under vacuum in sealed ampoules for a period of one day was achieved. Quantitative determination of amino acids in triplicate for each group was carried according to A.O.A.C. [30] .
Determination of fatty acids composition
Extraction procedure: Fatty acids were extracted according to Aldai et al. [31] . Briefly, appropriate samples were flushed 
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with N 2 , shaken for 10 minutes, and saponificated. Reaction mixtures were diluted with 0.5% NaCl and petroleum spirit was added. The non-saponifiable matters were separated and discarded. After neutralization of KOH fraction, petroleum spirit was added twice, samples were centrifuged and the top layer was transferred to clean screw-cap glass tubes. Centrifugation and layer transference steps were repeated again and 100 µL of a water scavenger -2,2-dimethoxypropane were added then vortexed. Sample were derivatized according to Aldai et al. [31] . The gas liquid chromatography equipped with a dual flame ionization detector was used to analyze the methyl esters of fatty acids (FAs) obtained from duck fats. For injection, diluted samples in 1 µl n-hexane were injected into GLC column under an optimized temperature and gas flow rate program. Results were evaluated with a conventional integrator program (Saturn GC Workstation Software ver., 5.51).
Statistical analysis
The statistical analysis was carried out using a SPSS program with a one-way analysis of variance (ANOVA) regarding to the experimental design under a significance level of 0.05. For mean comparisons among treatments, the Duncan test was performed according to Steel et al. [32] .
Results and Discussion
GP and carcass characteristics of Muscovy ducks
The effects of GSP incorporation at different levels (10 and 20%) into Muscovy duck's diet on GP, physicochemical and quality parameters, as well as amino and fatty acids composition of duck meat, was carried out. The GP such as FCR and GH, and carcass characteristics such as the weight of RCC, breast, legs, giblets, abdominal fat % and carcass yield % of Muscovy ducks fed GSP-diet were investigated and data were illustrated in table 3. The FCR, GH and RCC were significantly increased (P < 0.05) in DG10, and DG20 when compared to CD ducks. The FCR reflects that DG10, and DG20 yielded increased carcass weight by 2 and 3% when compared to CD ducks. Correspondingly, the breast, legs, giblets and abdominal fats yield % were slightly increased in DG10 and DG20 when compared with CD ducks. Actually, new feeding formulas (Table 2 ) enhanced the FCR, GH and RCC significantly; being a positive effect of the GSP addition. Indeed, the most noted changes in the CT were not significantly different as a little increase was observed in individual CT (illustrated by 2 and 3% in carcass yield in DG10 and DG20, respectively). Similar results had been discussed previously [21, [33] [34] [35] . In the same context, feeding food-processing wastes resulted in a valuable improvement in FCR and GH in ducks as similarly indicated previously in ducks [20, 21, 28, [35] [36] [37] . This might be due to enhancing the GP and strengthening the immunity as observed by Giri et al. [38] by using guava leaves whereas no available data on using GSP in poultry diets were recorded. GSP contains phenolics, antioxidants and bioactive derivatives, which might improve the metabolism [34, 36] .
Proximate chemical composition of Muscovy duck meats
As presented in table 4, the proximate composition of the raw meat of Muscovy ducks fed the diet incorporated GSP for 90 days. No significant difference (P > 0.05) was found in chemical composition and caloric value among all duck meat samples. The moisture content ranged from 72.46 to 73.03% in DG10 and CD, respectively. Slight increases of crude protein, crude lipids, and ash contents were remarked in DG20 whereas the caloric value was presented accordingly. Regarding the meat chemical composition, the analysis confirmed that adding GSP had no significant impacts on the meat chemical composition. The unusual change in chemical composition may be subject to some factors such as diet, genetic and environmental factors [39] . Accordingly, a positive increase in the caloric value has been recorded by 2.2% in DG10 and 1.2% in DG20 meat when compared to the CD duck meat ( Table  4 ). As recently reviewed, feeding the ducks on diet containing a valuable amount of phenolics, antioxidants and bioactive derivatives could improve the metabolism and weight gain as well as meat chemical composition and its relative quality [8, 10, 20, 21, 34, 36, 40] . However, the observed positive change is considered as a good indicator for increasing GSP in poultry Means in the same row with different letter significantly differ at P < 0.05. dw: dry weight, fw: fresh weight, (n = 27)
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Physicochemical properties of Muscovy duck meats
The TVN and TBA of raw meat of Muscovy ducks fed the diet incorporated GSP after 90 days are presented in table 5. Obviously, no significant differences (P > 0.05) were found among all duck meats in either TVN or TBA contents. The TVN ranged from 12.45 to 13.27 mg TVN 100 g -1 in CD and DG20, respectively. In addition, TBA recorded values in the range of 0.32 -0.36 mg MDA kg -1 in DG20 and CD, respectively. Assessing the freshness tests of duck meat to understand the GPS impact on meat quality recorded no significant changes in TVN and TBA (Table 5 ). However, an increase of TVN had been noticed in ducks' meat fed the diet incorporated GSP, which recorded a little increase in protein content. On the contrary, no significant decrease in TBA content was remarked in fed ducks' meat on diet incorporated GSP, which may reflect that GSP phenolics reduced the lipid deterioration due to its antioxidant content. These results are in agreement with the previous studies [20, 21, 28, 41] . The quality parameters including pH, WHC, cooking loss, pigment, and color have been illustrated in table 5. The pH value ranged from 5.78 to 5.85 in duck meat with no significant difference (P > 0.05) among the treatments. No significant difference (P > 0.05) was found in WHC among all duck meat samples. Meanwhile, 3.4 and 6.2% improvements in WHC have been noticed in DG10 and DG20 when compared to CD meat, respectively. With relation to the results of the WHC in Muscovy duck meat, cooking loss tends to decrease with the increase of the WHC. The cooking loss ranged from 23.01 to 25.05% in DG20 and CD, respectively. As previously, mentioned 5.7 and 8.15% of improvement have been found in the cooking loss in fed ducks' meat on GSP. The pigment content of duck meat was determined to study the effect of adding GSP to the diet on meat pigment. The pigment was in the range of 1.99-212 as OD of meat extract (even red pigment that related to muscles hemoglobin were increased by 2 and 6.5% in DG20 and CD, respectively). In the same criteria, minor improvement were found in duck meat quality regarding pH, WHC, cooking loss, pigment and CIE color (Table 5 ) may be due to the significant changes in FCR and GH [4] . Increasing the FCR and GH is considered as a good index of the digestive system performance and good vitality of ducks. Controversial, no significant difference (P > 0.05) was found among all duck meat even though a little improvement had been remarked. This may be due to the low level of GPS whereas increasing active ingredients correlated positively with improving the meat quality as mentioned [20, 21, 28] .
Amino acids content in duck protein
The amino acids composition of differently treated duck's meat protein was presented in table 6. Evidently, there are increases in the total amounts of AA in GSP fed-ducks and the increases positively related the increasing of GSP in the diets. This finding corresponds, not only with the total EAA but also to the total NEAA contents when compared with control. The percent of increases were 5.5 and 8.6% in the total AA, 4.5 and 8.7% in the total EAA and 6.3 and 8.5% in the total NEAA for DG10 and DG20, respectively. Amino acids analysis revealed a valuable increase in total AA's and EAA's with increasing GSP levels which reflect GSP effects on increasing amino acids content of meat protein ( Table 6 ). The obtained results confirmed the benefits of the GSP which 
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contains functional peptides [8, 11, 40] , phenolics, antioxidant and dietary fiber [7, 17, 42] , and rich in amino acids as well [3, 43] . The expressed bioactive compounds from GSP improved the meat quality and AA's content in treated duck meat [33, 44] . These improvements had been noticed with increasing GSP levels, which may be a good indicator to increase the GSP in duck's diet to maximize the benefits and to reduce the diet cost, however further investigation is required. The nutritional values of minced Muscovy duck meat proteins fed on GSP diets are given in table 7. It was noticed that increasing GSP levels in the duck's diet resulted in significant increases of the EAA and NEAA (g g -1 N). Contrariwise, the relative EAA: NEAA; EAA: protein and NEAA: total AA ratios were not dramatically changed (P > 0.05). In this context, the EAAI% accordingly increased significantly from 73.24% in CD to 76.56% in DG10 and 79.30% in DG20-duck's meat protein, respectively. These values exceeded those reported in the standard proteins in hen's eggs and beef (FAO, 1970) . Data in table 7, illustrated the significant increases in EAA and NEE in GD10 and GD20 which may be due to the increase of metabolism and protein content in duck meat. Also, the small increases in the relative ratios of EAA to NEAA, EAA to total protein and NEAA to Total AA have manifested the impact of good FCR and increased GH which may improve the protein quality rather than protein quantity [44] . Correspondingly, increasing the EAAI% would be an encouraging factor for using such food processing wastes (i.e. GSP) in animal diets to improve the meat's nutritional value and quality based characteristics as noticed in other studies [3, 11, 33] (FAO, 1985) . In regards to limiting amino acids, it has been noticed that phenylalanine is the most deficient and the first limiting AA in meat protein CD, DG10 and DG20. The second limiting AA in CD and DG10 was valine, while it was not that deficient in DG20. The third limiting AA was threonine in CD only, while it was not that deficient in DG10 or DG20 proteins. Increasing the individual AA scores and partially compensating limiting EAA in DG10 and DG20 trended the adding of GSP to duck diet and improving the AA's composition of duck meat (Table 8 and  9 ). These results are in accordance with Muhlisin et al. [36] , 
Kwon et al. [28] , Marzoni et al. [21] , and Lee et al. [20] . As mentioned previously, increasing the GSP may be helpful for improving the nutritious value of meat, which positively correlated to be improved FCR and increased GH.
Fatty acids composition of treated Muscovy duck fat
The data of FAs composition of extracted fat from minced Muscovy duck' meats are shown in table 10. Twelve fatty acids (6 USFA and 6 SFA) have been identified by GLC. Clearly, the percentages of USFA content of duck meat were 68.83, 65.65 and 65.77%, while these figures for SFA in duck meat were 30.70, 33.33 and 33.51% for CD, DG10 and DG20, respectively. Indeed, in all ducks' meat palmitic acid was the predominant SFA. In addition, the value of palmitic acid decreased with feeding ducks on GSP (72.81% of total SFA in DG20 compared to 74.90% of total SFA in CD meat). Similar trend have been observed for stearic acid. On the contrary, the oleic acid was the major USFA in all duck meat that ranged from 40.50 -41.83%. Furthermore, oleic acid recorded the highest USFA in DG10 to be 63.08% followed by DG20 as 61.58% of total USFA when compared to 60.77% in CD. Similarly, linolenic acid and gadoic acid increased in ducks fed on GSP-supplemented diets. Undoubtedly, the possibility of using GSP as a source of dietary components in duck's diet could be a principle of guava waste valorization and to finding untraditional sources for duck nutrition. Clearly in the present study, feeding ducks with diet incorporated GSP decreased the most important SFA and increased the most important USFA. Similarly, Muhlisin et al. [36] confirmed that Korean duck had more ω6 fatty acids and total polyunsaturated fatty acids than commercial meat-type ducks fed the same experimental diets. As reported by Khalifa et al. [45] GS contains high USFA content and incorporating it in prepared diet resulted in that the profile of dietary fats was reflected in the fatty acid composition, which was confirmed previously [46] . However, duck meat contains high USFAs, especially oleic and linoleic acids [47] . It is well known that the dietary intake of USFAs is effective in lowering blood lipids levels that could be improved in produced meat by feeding ducks on GSP. The consumption of Muscovy meat enriched with more USFA will represent a better contribution to the human diet and is more profitable, a result observed according to Kwon et al. [28] . As previously presented, 10 and 20% of GSP incorporated into Muscovy duck's diet will be a good starting point to valorize valuable food processing wastes in formulating poultry's diets.
Conclusions
Evidently, incorporation of GSP to ducks diets as new feeding formulas enhanced the FCR, GH and RCC significantly. The EAA and NEAA of GSP-diet fed duck meat were increased by increasing GSP content, even limiting AA compensated by GSP-diet. The FAs profile indicated 8.57 and 9.15% increases in DG5 and DG20 ducks. Inclusion of certain percentage of GSP in duck's diets not only considered an economic feasible approach to reduce the costs of raising this bird, but it also conserved the physical, chemical and nutritional characteristics of such bird meats. Increasing the GSP level in Muscovy duck diet may be increased in a further study. from the Benha university project [Utilization of some agricultural wastes in food and feed processing -A/1/2] and Mr. Khalifa for providing the whole analysis of GS as CO-PI in the mentioned project.
